Spectroscopic parameters (effective temperature, metallicity, etc) were determined for a large sample of ∼ 100 red giants in the Kepler field, for which mass, radius, and evolutionary status had already been asteroseismologically established. These two kinds of spectroscopic and seismic information suffice to define the position on the "luminosity versus effective temperature" diagram and to assign an appropriate theoretical evolutionary track to each star. Making use of this advantage, we examined whether the stellar location on this diagram really matches the assigned track, which would make an interesting consistency check between theory and observation. It turned out that satisfactory agreement was confirmed in most cases (∼ 90%, though appreciable discrepancies were seen for some stars such as higher-mass red-clump giants), suggesting that recent stellar evolution calculations are practically reliable. Since the relevant stellar age could also be obtained by this comparison, we derived the age-metallicity relation for these Kepler giants and found the following characteristics: (1) The resulting distribution is quite similar to what was previously concluded for FGK dwarfs.
INTRODUCTION
Thanks to the recent asteroseismological technique combined with very precise photometric continuous observations from satellites such as Kepler or CoRoT, it has become possible to clearly discriminate the evolutionary status of red giants (shell H-burning phase before He-ignition or Heburning phase after He-ignition; cf. Bedding et al. 2011) and to accurately determine the stellar mass (M ) as well as radius (R) by making use of the scaling relations (e.g., Pinsonneault et al. 2014 , Casagrande et al. 2014 , and references therein).
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Following this line, Takeda & Tajitsu (2015;  hereinafter referred to as Paper I) conducted our first study based on high-dispersion spectra of 58 stars taken from Mosser et al.'s (2012) 218 sample of red giants in the Kepler field with asteroseismologically established parameters, where they spectroscopically derived four atmospheric parameters for these 58 giant stars: effective temperature (T eff ), logarithmic surface gravity (log g), microturbulent velocity (vt), and metallicity ([Fe/H] ; logarithmic Fe abundance relative to the Sun). Since their main purpose was to assess the accuracy of the stellar mass estimated from evolutionary tracks (M trk ) as well as of the spectroscopic gravity (log gspec) previously published by Takeda, Sato, & Murata (2008) for a large number of field GK giants, they compared such conventionally determined parameters of these Kepler sample with the corresponding seismic ones, and arrived at the following conclusions: -(i) A satisfactory agreement was confirmed between log gspec and log gseis, which may suggest that Takeda et al.'s (2008) gravity results are well reliable.
-(ii) Meanwhile, Takeda et al.'s (2008) M trk values for He-burning red-clump (RC) giants must have been considerably (typically by ∼ 50%) overestimated (presumably due to the ignorance of evolutionary status along with the use of incomplete set of evolutionary tracks), though those of H-burning red giants (RG) do not suffer such a problem. Now that the compatibility as well as reliability of seismic and spectroscopic parameters has been confirmed, we can make use of them together in combination with recent theoretically evolutionary tracks computed in very fine grids of stellar parameters (cf. Appendix A in Paper I). This situation provides us with a good opportunity to examine the consistency between the observed locations and theoretically computed evolutionary tracks of giant stars in the Hertzsprung-Russell (HR) diagram (i.e., log L vs. log T eff relation). That is, seismic Rseis and spectroscopic T eff,spec suffice to define the location of each star on this diagram, while asteroseismologically established stellar mass (Mseis) and distinction of evolutionary status (RG or RC) [coupled with spectroscopically determined metallicity ([Fe/H]spec)] are sufficient to assign an appropriate evolutionary track to each star. "Does the observed location on the log L-log T eff diagram well matches the allocated evolutionary track?" We thus decided to carry out this consistency check for a large number of Kepler giants, which have eventually added up to 106 stars (in combination with the previous 58 stars in Paper I) since we newly observed 48 stars for the present study. This is the primary purpose of this paper.
An important by-product resulting from such comparison with theoretical tracks is the age, which is mainly determined by the stellar mass in the present case of giant stars (see, e.g., Casagrande et al. 2016 ). Thanks to the reliably known Mseis, we can expect fairly precise age-evaluation for each star, by which the age-metallicity relation for these Kepler giant sample is finally accomplished, since the metallicity ([Fe/H]spec) is spectroscopically known. "How can such established age-metallicity distribution for giants be compared with that derived for dwarfs?" This examination is another aim of this investigation.
The remainder of this paper is organized as follows. The new observational data of 48 Kepler giants (to be combined with the previous 58 stars in Paper I) and derivation of their spectroscopic parameters are described in Sect. 3. We examine in Sect. 4 whether the location for each star on the HR diagram is consistent with the assigned evolutionary track. The age-metallicity relation resulting from comparison with theoretical tracks is presented and discussed in Sect. 4, followed by Sect. 5 where the conclusions are summarised.
Besides, given that new data have been accumulated compared to the previous case in Paper I and up-to-date theoretical tracks have become available, we revisited the subjects treated in Paper I and found some new enlightening results, which are described in supplementary Appendices A (comparison of spectroscopic and seismic log g) and B (massdetermination from theoretical tracks).
STELLAR PARAMETERS OF NEW 48
KEPLER GIANTS 2.1 Observational data and spectroscopic parameter determination
Our new spectroscopic observations for 48 giants in the Kepler field, which were selected from Mosser et al.'s (2012) list, were carried out on 2015 July 3 (UT) by using Subaru/HDS and the data reduction was done by using IRAF in the same manner (i.e., with the same setting/procedure) as in Paper I (cf. Sect. 2 therein for more details). The S/N ratios of the resulting spectra (covering 5100-7800Å) for these 48 stars turned out to be ∼ 100 on the average, being similar to (or slightly worse than) the previous case of 42 stars in Paper I. The atmospheric parameters (T eff , log g, vt, and [Fe/H]) were determined by using the measured equivalent widths of Fe i and Fe ii lines in the same way as in Paper I (see Sect. 3.1 therein). Also, the projected rotational velocity (ve sin i) was evaluated by spectrum-fitting analysis applied to the 6080-6089Å region. The final results for these 48 Kepler giants are summarised in Table 1 , where the data are arranged in the same manner as in Table 1 
Special treatment for KIC 7341231
Although the spectroscopic parameters of almost all newly observed stars were derived by exactly following the procedures of Paper I as mentioned in Sect. 2.1, only one star (KIC 7341231 = BD +42 3187) was exceptional. Actually, this is a very metal-poor ([Fe/H] = −1.7) subgiant of comparatively higher T eff (∼ 5300 K), belonging to the halo population characterized by considerably large heliocentric radial velocity (V hel r = −270 km s −1 ). Because of its conspicuously low metallicity along with higher T eff , the metallic lines of this star are markedly weaker compared to other giants (cf. Fig. 3 ), which makes it neither possible to determine the atmospheric parameters based on the adopted list of Fe i/Fe ii lines (Takeda et al. 2005) , nor to accomplish a reliable fitting analysis in the 6080-6089Å region for ve sin i evaluation. Accordingly, we employed a different set of stronger Fe i/Fe ii lines (see "tableE1p.dat" presented as online material), which were used by Takeda et al. (2006) for their study of RR Lyr stars, in order to derive T eff , log g, vt, and [Fe/H] of this star. Similarly, its ve sin i derivation was done by fitting in the 5200-5212Å region comprising strong lines of Cr i, Fe i, Ti i and Y i (see the inset in Fig. 3 ).
COMPARISON ON THE HR DIAGRAM

Location of each star
Our total sample consists of 106 stars (42 stars from 2014 September observation along with 16 stars from Thygesen et al.'s data as described in Paper I, and 48 stars from 2015 July observation newly presented in this paper), although the essential net number reduces to 103 because of the overlapping of 3 stars in 2014 September and Thygesen et al. samples. Since all these stars are taken from Mosser et al. (2012) , their seismic radius (Rseis) and mass (Mseis) as well as the evolutionary stage (RG or RC1 or RC2) 1 are already established. In addition, spectroscopically determined effective temperature (T eff,spec ) and metallicity ([Fe/H]spec) are available from our study.
In this paper, we use the term "HR diagram" indicating a plot where stellar logarithmic effective temperature [log T eff (≡ X), where T eff is expressed in K] and logarithmic luminosity [log L/L⊙ (≡ Y )] are taken as the abscissa and ordinate, respectively. We can naturally define the location of each star on this diagram, since T eff is known and L can be evaluated by the relation log(L/L⊙) = 4 log(T eff,spec /T eff ,⊙ ) + 2 log(Rseis/R⊙), (1) where quantities with ⊙ are the reference solar values. Such determined locations in the HR diagram for all the 106 stars are plotted (separated according to whether before or after He ignition) in Fig. 4a (RG) and Fig. 4b (RC1/RC2), where representative theoretical tracks corresponding to z = 0.01 (see the next Sect. 3.2 for more details) are also drawn for comparison.
Theoretical tracks
Our next task is to assign an appropriate theoretical track to each star in order to see whether it is consistent with the actual position. We use an extensive set of theoretical evolutionary tracks 2 computed by the Padova-Trieste group based on their PARSEC code (Bressan et al. 2012 (Bressan et al. , 2013 . These tracks are provided with very fine grids in terms of z (metallicity defined as the mass fraction of heavy elements) and M (initial mass); i.e., z grid = 0. 06, 0.04, 0.03, 0.02, 0.017, 0.014, 0.01, 0.008, 0.006, 0.004, 0.002, 0.001, 0.0005, 0.0002, and 0.0001 , while the mesh of M grid is 0.05 M⊙ step (for 1-2.3 M⊙) or 0.1 M⊙ step (for 2.3-5 M⊙). Since these parameter grids are sufficiently fine, we assign to each star the track corresponding to (z grid , M grid ) being nearest to the actual (zstar, Mstar), where Mstar ≡ Mseis and zstar ≡ 0.014 × 10
[Fe/H]spec (z⊙ = 0.014 is the solar value; cf. Asplund et al. 2009 ). The actual (zstar, Mstar) as well as the adopted (z grid , M grid ) for each star are presented in Table 2 . Since the evolutionary stage is known for all the targets, we naturally allocate "RG tracks" (track portion from the point of "end of core H-burning" through the point of "He ignition") to RG-class stars, and "RC tracks" (track portion from the point of "He ignition" through the point of "asymptotic giant branch tip") 3 to RC1/RC2-class stars.
Matching check
Comparison of the position on the HR diagram with the assigned track for each star is graphically depicted in Fig. 5 (RG stars), Fig. 6 
becomes minimum.
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These figures suggest that the agreement between (Xstar, Ystar) and (X * track , Y * track ) is satisfactory in most cases, though appreciably discrepant cases sometimes show up (e.g., in RG and RC2 classes). In order to clarify this situation quantitatively, the coordinate differences between the two points (∆X ≡ X * track − Xstar, ∆Y ≡ Y * track − Ystar) were computed (cf. Table 2 ) and the ∆Y vs. ∆X plot is displayed in Fig. 8 , from which the following consequences can be extracted. -Generally, a reasonable consistency to a level of ∆X 0.01 dex (i.e., ∆T eff 100 K) and ∆Y 0.1 dex (i.e., 0.2 mag in magnitude) is accomplished for a majority (∼ 90%) of our targets, indicating reasonable reliability of recent stellar evolution calculations in the sense that theoretical tracks can satisfactorily reproduce the observed positions of red giant stars on the HR diagram. -However, appreciable discrepancies are sometimes seen especially in a group of RC2 stars (e.g., KIC 07581399, 07205067, 05307747, 05990753, 04902641, 09583430, 09349632) , the observed lumonosities of which are by ∼ 0.2-0.4 dex lower than the theoretically predicted red-clump luminosities (cf. the corresponding panels in Fig. 7) . A closer inspection in reference to Table 2 revealed that these stars have apparently higher mass values (2.5 M⊙ M 3.5 M⊙) even among RC2 stars (RC stars of M > 1.8 M⊙). Actually, we can recognize from Fig. 4b that the luminosities of all RC2 stars (tiangles) tightly cluster at log(L/L⊙) ∼ 1.6-1.9 almost irrespective of their masses (1.8 M⊙ M 3.5 M⊙), which apparently contradicts the theoretical RC2 tracks (log L increases by ∼ 0.5 dex for a mass change from ∼ 2 M⊙ to ∼ 3 M⊙). We can not find any reasonable explanation for this inconsistency seen in higher-mass RC2 stars; it may be worthwhile to reexamine whether their assigned evolutionary tracks as well as M and/or R determination procedures are really valid.
-Regarding RC1 and RG stars, the agreement is satisfactory in most cases, excepting that appreciable differences are seen in several stars; e.g., KIC 05795626 for RC1, KIC 11717120, 07341231, and 08493735 for RG (note that these RG stars are not so much on the ascending track of red-giants as rather subgiants). We also notice a tendency of weak (positive) correlation between ∆ log L and ∆ log T eff (cf. Fig. 8 ).
AGE-METALLICITY RELATION OF GIANTS
Derivation of age
As a natural by-product of determining the proximate point on the track (X * track , Y * track ) described in Sect. 3.3, we can derive the stellar age as the corresponding t value (t * ). Note, however, that the age is mainly determined by the stellar mass in the present case of giant stars (see, e.g., Fig. 3c in Takeda et al. 2008) , since it restricts the predominantly long lifetime on the main sequence, compared to which the period of post-main-sequence phase is insignificant. So, pinpointing the location on the giant track is not necessarily very important in this respect. In order to clarify this situation, the elapsed times at the track points of several critical evolutionary phases as well as the corresponding fraction of main-sequence period are plotted against the stellar mass in Fig. 9 , where we can see that these giants have spent a major fraction (∼ 60-90%) of their past life on the main sequence.
In order to maintain the consistency with the previous work, 5 we define "age" as the time elapsed from the zeroage main sequence (ZAMS) as age ≡ t * − t(ZAMS). Such derived age values are given in Table 2 .
Result and implication
The resulting age vs. [Fe/H] distribution for our 106 Kepler giants is depicted in Fig. 10a , and the comparison with the relation derived for field FGK dwarfs (Takeda 2007 ) is shown in Fig. 10b . We can recognize from Fig. 10b that both results of giants and dwarfs are quite consistent with each other, without any systematic discrepancy such as that Takeda et al. (2008) once claimed (which is evidently due to erroneous overestimation of mass for many giants as pointed out in Paper I).
Regarding the observational study of galactic agemetallicity relation, not a few papers have been published so far (see, e.g., Sect. 1 of Bergemann et al. 2014 and the references therein). Although any consensus has not yet been accomplished concerning the detailed characteristics, it is no doubt that the metallicity at a given age is by no means single-valued but more or less diversified. Our result implies that the [Fe/H] dispersion tends to progressively increase with age (from several ×10 8 yr to ∼ 10 10 yr) while the maximum metallicity does not change much (i.e., near/super-solar level is retained over this large span of age), resulting in a "right triangle-like" shape.
Especially, the existence of very old (age ∼ 10 10 yr) metal-rich (0.0 [Fe/H] 0.4) stars may be regarded as a significant consequence. How should we interpret their origin? Were they born in the galactic bulge and migrated to the present position over the long passage of time? From this point of view, it would be interesting and worthwhile to study the chemical abundances of key elements (e.g., α-group) of these old stars of high metallicity and to compare them with those of younger meta-rich stars.
SUMMARY AND CONCLUSION
Recent very high-precision photometric observations from satellites have enabled discrimination of the evolutionary status (RG/RC1/RC2) as well as determinations of M and R for a large number of red giant stars by exploiting the asteroseimological technique.
Following the same manner in Paper I where our first pilot study was done for 58 stars, we determined in this study the atmospheric parameters (T eff , log g, vt, and [Fe/H]) for additional 48 giants in the Kepler field by using Fe i and Fe ii lines.
Given that spectroscopic and seismic information is now available for these 106 red giants in total, we could readily define the position on the log L vs. log T eff diagram and to assign an appropriate theoretical evolutionary track to each star.
Our first aim was to examine whether the observed stellar location on this diagram really matches the assigned theoretical track. We could confirm that the assigned track is mostly consistent with the actual position (to a level of 100 K in T eff and 0.2 mag in M bol ) for a majority (∼ 90%) of our targets. Accordingly, we may state that recent stellar evolution calculations are reasonably reliable.
However, appreciable inconsistencies are seen for ∼ 10% of the sample stars. Especially noteworthy is that the luminosities of several RC2 stars with higher-M (2.5 M⊙ M 3.5 M⊙) do not agree with the corresponding theorerical tracks, because they tend to tightly cluster at log(L/L⊙) ∼ 1.6-1.9 irrespective of their masses, which apparently contradicts the theoretical prediction. It may be worthwhile to reexamine the validity of assigned evolutionary tracks and of the M as well as R values for these stars.
Our second purpose was to establish the age-metallicity relation based on these giant stars, since the stellar age could be as a natural by-product of location-track comparison on the HR diagram. The resulting distribution for giants turned out to be in good agreement with that for FGK dwarfs derived by Takeda (2007) , which is characterized by growing metallicity dispersion with an increase in age while the maximum metallicity remains almost flat at the near/supersolar level over the wide age range from ∼ (2-3) ×10 8 yr to 
APPENDIX A: METALLICITY-DEPENDENCE IN THE SCALING RELATION?
One of the aims in Paper I was to examine the consistency between the spectroscopic log gspec and the seismic log gseis. Now that the sample size has been almost doubled, it would be worthwhile to recheck this matter again. The correlation between log gspec and log gseis is shown in Fig. A1a , while the ∆ log g(spec−seis) difference is plotted against T eff , log g, and [Fe/H] in Fig. A1b , A1c, and A1d, respectively. We can confirm from these figures the same characteristics as concluded in Paper I; i.e., (i) log gspec and log gseis satisfactorily agree with each other (with the standard deviation of σ ∼ 0.1 dex) and (ii) ∆ log g(spec−seis) difference does not show any systematic dependence upon T eff and log g.
We also point out that this conclusion for ∆ log g(spec−seis) holds regardless of the evolutionary status (RG/RC1/RC2). Although Pinsonneault et al. (2014) recently carried out an extensive analysis on the stellar parameters of a large number of red giants in the Kepler field and reported a systematic disagreement in ∆ log g(spec−seis) between RG and RC1/RC2 (i.e., negative for the former while positive for the latter; cf. Fig. 3 of their paper), such a trend can not be observed in our results.
Interestingly, however, we newly noticed a slight metallicity-dependent trend in ∆ log g(spec−seis), in the sense that ∆ log g(spec−seis) tends to increase with a decrease in [Fe/H], as shown in Fig. A1d . It is hard to consider that such a [Fe/H]-dependence exists in spectroscopic gravities for the following reasons: -The difference in the metallicity for each star, which affects the opacity, is properly taken into account in model atmospheres in our analysis.
-It is unlikely that the non-LTE effect (non-LTE overionization of Fe i) is responsible, because it should lead to an underestimation of log gspec which becomes more conspicuous as the metallicity is lowered. That is, if this effect appreciably exists, ∆ log g(spec−seis) would decrease with a decrease in [Fe/H] , which is just the opposite to the trend seen in Fig. A1d .
We, therefore, suspect that this effect may be attributed to log gseis. Here, the scaling relation for νmax(∝ gT
) is relevant (while ∆ν is irrelevant) in deriving gseis (cf. Eq.(3) in Paper I). However, this relation for νmax, which was first proposed by Kjeldsen & Bedding (1995) in analogy with acoustic cut-off frequency, is not so much physically justified as rather an empirically useful relation (e.g., Bedding & Kjeldsen 2003) . Actually, Belkacem et al. (2013) discussed based on their model calculation that this relation seems sufficiently good for dwarfs but some discrepancies (by up to ∼ 15%) may arise for giants. Accordingly, given that there is still room for further improvement for the expression of νmax, it may possibly depend upon the metallicity in some way.
APPENDIX B: MASS-DETERMINATION PROBLEM REVISITED
In Paper I was studied how the stellar mass of a red giant star derived from evolutionary tracks (M trk ) by following Takeda et al.'s (2008) procedure is compared with the seismic mass (Mseis). They found that M trk tends to be considerably overestimated (typically by ∼ 50% on the average) for RC-stars (cf. Fig. 12a therein) , which means that the mass values of many red clump giants in Takeda et al.'s (2008) sample must also be systematically too large.
Unfortunately, in Paper I, the direct Mseis vs. M trk was possible only for 9 Kepler giants (1 for RG, 6 for RC1, and 2 for RC2), because L was determined from the apparent magnitude in the same manner as in Takeda et al. (2008) while the parallax data were available only for a limited number of stars. Since we have established this time the L values for all 106 stars by combining T eff,spec and Rseis, we decided to revisit this problem based on this large sample.
In this test, we derived M trk in three different ways: -(a) Exactly the same procedure as adopted by Takeda et al. (2008) was followed; i.e., combined RG+RC tracks of Lejeune & Schaerer's (2001) (1) and (2), the atmospheric parameters (effective temperature T eff in K, logarithmic surface gravity log g in cm s −2 /dex, microturbulent velocity dispersion vt in km s −1 , and metallicity [Fe/H] in dex) spectroscopically determined from Fe i and Fe ii lines are presented in Columns (3)-(6). Columns (7)- (9) give the asteroseismic quantities taken from Mosser et al. (2012) : the central frequency of the oscillation power excess (νmax in µHz), the large frequency separation (∆ν in µHz), and the gravity-mode spacing (∆Π 1 in unit of s; good indicator for discriminating between RG and RC1/RC2). Presented in Columns (10)- (12) are the seismic radius (in R ⊙ ), seismic mass (in M ⊙ ), and the corresponding seismic surface gravity (in cm s −2 /dex), which were evaluated from νmax and ∆ν by using the scaling relations as in Paper I. In Columns (13) and (14) are given the projected rotational velocity (in km s −1 ; derived from spectrum-fitting analysis) and the evolutionary class determined by Mosser et al. (2012) (RG: red giant, RC1: 1st clump giant, RC2: 2nd clump giant).
is, M trk was determined by searching for the minimum d 2 on the (M, t) plane after trying all possible RG+RC tracks.
-(c) Either RG or RC tracks of the PARSEC grid (for various mass values but with the assigned z grid closest to actual stellar metallicity) were appropriately used depending on the known evolutionary status of each star. That is, M trk was determined by searching for the minimum d 2 on the (M, t) plane after trying all possible RG tracks (for RG class) or RC tracks (for RC1 or RC2 classes).
The resulting M trk vs. Mseis plots corresponding to these three cases are depicted in Fig. B1a, Fig. B1b , and Fig. B1c , respectively. We can see that Fig. B1a is quite consistent with Fig. 12a in Paper I, indicating a considerable overestimation of M trk for RC1 stars (red clump stars of lower mass), while the discrepancy is not so large for RC2 stars (red clump stars of higher mass) where M trk tends to be even somewhat smaller than Mseis at the high-mass end (M 3M⊙). We suspect that the reason why the considerably large overestimation of M trk derived by Takeda et al.'s (2008) procedure is seen only in RC1 stars (but not in RC2 stars) is mainly due to the lack of "He flash" RC tracks for lower mass stars (M < 2 M⊙) in Lejeune & Schaere's (2001) data (cf. Fig. A1d in Paper I), rather than the ignorance of the evolutionary status. Actually, we can recognize from the comparison of Fig. B1b and Fig. B1c that the degree of consistency between M trk and Mseis is nearly the same for both is the Y value of the proximate point on the assigned theoretical track closest to (Xstar, Ystar ). Column (11) -Logarithmic stellar age (dex) (measured from zero-age main-sequence) where age is expressed in yr. Column (12) -Guide to the relevant figure panel, where Fig.n(i, j) denotes that the corresponding panel is at (i-th row, j-th column) of Fig. n. case (b) [combined RG+RC tracks were indifferently used] and case (c) [either RG or RC tracks were appropriately assigned]. This may suggest that the knowledge of the evolutionary status (RG or RC) in advance is not necessarily essential for deriving M trk (in the sense that such information does not significantly improve the situation), for which sufficiently fine and wide coverage of the (z, M ) grid in the adopted theoretical tracks (as well as defining the stellar position on the HR diagram as precisely as possible) would be more important. Figure 3 . Synthetic spectrum fitting in the 6080-6089Å region accomplished by varying the abundances of Si, Ti, V, Fe, Co, and Ni, along with the macrobroadening parameter and the wavelength shift (radial velocity). The best-fit theoretical spectra are shown by solid lines, while the observed data are plotted by symbols, where the wavelength scale of the stellar spectrum has been adjusted to the laboratory frame. Each spectrum is vertically shifted by 0.5 relative to the adjacent one. Note that spectrum fitting at the 5200-5212Å region was specially applied to KIC 07341231 (as shown in the inset), since the lines in the 6080-6089Å region are too weak. The spectra are arranged in the same order as in Fig. 1 . log T eff (K) 3.5 3.6 3.7 3.8 t11618103R 3.5 3.6 3.7 3.8 t11717120R 3.5 3.6 3.7 3.8 t11802968R Figure 5 . Comparison of the observed (log T eff , log L/L ⊙ ) with the assigned theoretical evolutionary track for 40 RG-class stars. In each panel, the actual stellar location is indicated by a red filled circle, while the corresponding proximate point on the track is expressed by a black Greek cross. See Table 2 for the detailed data related to these figures. log T eff (K) 3.5 3.6 3.7 3.8 t12070114S Figure 7 . Comparison of the observed (log T eff , log L/L ⊙ ) with the assigned theoretical evolutionary track for 26 RC2-class stars. In each panel, the actual stellar location is indicated by a blue triangle. Otherwise, the same as in . Elapsed times (measured from the beginning of star formation; expressed in logarithmic scale in unit of yr) of PARSEC stellar evolutionary tracks at four critical phases are plotted against the stellar mass. Black line, blue line, green line, and red line correspond to (i) zero-age main-sequence (ZAMS), (ii) main-sequence end (MSEND), (iii) red-giant tip at He-ignition (RGTIP), and (iv) beginning of thermally-pulsing asymptotic giant-branch (TPAGB), respectively. The fraction of main-sequence period, which is defined as (t MSEND − t ZAMS )/(t TPAGB − t ZAMS ), is also shown in purple dashed lines (its scale is given at the rightmost ordinate). Each panel displays results for models of different metallicity: z = 0.02 (left), z = 0.002 (middle), and z = 0.0002 (right). 
